Gene damage in cultured human alveolar (L-132) cells induced by exposure to dimethylarsinic acid (DMAA), a major metabolite of inorganic arsenics in mammals, was studied. DNA single-strand breaks and DNA-protein cross-links were induced by the treatment of L-132 cells with 10 mM DMAA. These kinds of damage appeared at 8 hr after start of exposure to DMAA. As regards DNA-protein cross-links, the DNA was found to bind not only to core histone proteins but also linker histone (Hi) and nonhistone proteins. Furthermore, the cross-links were formed by the binding to serine or threonine residues of Hi or nonhistone proteins through phosphate moieties of the DNA. The induction of the alkali-labile sites in DNA in DMAA-treated L-132 cells was observed prior to that of DNA single-strand breaks and DNA-protein cross-links. As one of the alkali-labile sites in DNA, we estimated apurinic/apyrimidinic (AP) sites in DNA. The present study suggests that the DNA single-strand breaks and DNA-protein cross-links induced by the treatment of L-132 cells with DMAA occurred via the formation of AP sites in the DNA and that the DNA-protein cross-links were produced by a Schiff-base reaction between amino groups of nuclear proteins and aldehyde groups of AP sites in the DNA and the DNA single-strand breaks, by a ,-elimination reaction on AP sites in the DNA. -Environ Health Perspect 1 02(Suppl 3):285-288 (1994).
Introduction
Although inorganic arsenics are epidemiologically proved to be carcinogenic for lung and skin (1, 2) , experimental studies so far have not succeeded in evidencing their carcinogenicity. On the other hand, among a number of investigations on the genotoxicity of inorganic arsenics, some data (3) (4) (5) (6) have suggested that inorganic arsenics are not direct-acting mutagens, but act as comutagens with other carcinogens, e.g., ultraviolet and alkylating agents, through modification of the DNA repair process. In fact, Li and Rossman reported that the activity of DNA ligase II was suppressed by arsenite (7) . However, many more studies will be required to solve the genotoxic action of inorganic arsenics.
We have investigated genotoxic effects of arsenics (8) (9) (10) (11) (12) (13) (14) (15) (16) and, of these arsenics, we paid special attention to dimethylarsinic acid (DMAA), a major metabolite of inorganic arsenics in mammals. We found that DMAA administration induced lung-specific DNA damage in mice (10, 11) , and further, estimated that the DNA damage might be due to the dimethylarsenic peroxyl radical [(CH )2AsOO ] and active oxygens produceJ in further metabolic processing of the DMAA (12) .
This article describes the gene damage induced by exposure of L-132 cells, an established human cell line of alveolar type-II cells, to DMAA. We found that DNA single-strand breaks (15) and DNA-protein crosslinks (16) The alkaline elution method established by Kohn et al. (18) was used to measure DNA single-strand breaks; and alkaline agarose gel electrophoresis (19) , was used to measure alkali-labile sites in DNA. To detect AP sites in DNA, DNA was isolated by phenol extraction from L-132 cells. The DNA was treated with a restriction enzyme (Kpn I) and then subjected to alkaline agarose gel electrophoresis. The formation of DNA-protein cross-links was determined according to the filter binding assay described by Strniste and Rall (20 Figure 1 , in the case of exposure to 10 mM DMAA, the induction of the single-strand breaks was dependent on the duration of incubation with the DMAA. The breaks were not detected up to 6 hr incubation but were observed remarkably at 8 to 12 hr after start of DMVAA exposure. To evaluate the recovery from the breaks, we first exposed L-132 cells to 10 mM DMAA for 12 hr and then transferred them to DMAA-free medium; thereafter, the degree of the single-strand breaks was determined by the alkaline elution assay. The recovery proceeded timedependently; the breaks were partially recovered at 2 to 4 hr and fully at 6 hr after transfer into the DMAA-free medium.
On the other hand, for the measurement of DNA-protein cross-links, the filter binding assay was performed (16) . As shown in Table 1 (22) . The soluble chromatin sample was separated on Sepharose 4B column chromatography, and each fraction was measured for 3H-radioactivity of DNA and 14C-radioactivity of protein (16) . The control sample gave two peaks ( Figure 2A) ; one was DNA-core histone complex in the void volume and the other, free nuclear proteins (HI and nonhistone proteins). The sample from the cells exposed to 10 mM DMAA for 12 hr, on the other hand, showed a marked change; some 3H-radioactivity appeared in the fraction of free nuclear proteins, indicating the presence of DNA fragments associated with the proteins ( Figure 2B ). This result indicates that the formation of DNA cross-links occurred not only with core histone, but also with HI or nonhistone proteins. The cross-link between DNA and nuclear proteins was dissociated by the treatment with 6 M guanidine hydrochloride (16 (24) reported that methoxyamine bound to aldehyde groups of AP sites in DNA and that the methoxyamine-bound AP sites were more resistant to the hydrolysis than nonbound AP sites under alkaline conditions. In fact, when L-132 cells were exposed to DMAA for 6 formed AP sites in the DNA prior to the induction of DNA strand scissions (15) and DNA-protein cross-links (16 (15) .
